Abstract Orphan drugs designed to treat rare diseases are often overpriced per patient. Novel treatments are sometimes even more expensive for patients with ultra-rare diseases, in part due to the limited number of patients. Pharmaceutical companies that develop a patented life-saving drug are in a position to charge a very high price, which, at best, may enable these companies to further develop drugs for use in rare disease. However, is there a limit to how much a life-saving drug should cost annually per patient? Government interventions and regulations may opt to withhold a life-saving drug solely due to its high price and cost-effectiveness. Processes related to drug pricing, reimbursement, and thereby availability, vary between countries, thus having implications on patient care. These processes are discussed, with specific focus on three drugs used in pediatric nephrology: agalsidase beta (for Fabry disease), eculizumab (for atypical hemolytic uremic syndrome), and cysteamine bitartrate (for cystinosis). Access to and costs of orphan drugs have most profound implications for patients, but also for their physicians, hospitals, insurance policies, and society at large, particularly from financial and ethical standpoints.
Introduction
Rare diseases are severe, chronic, debilitating, and/or lifethreatening conditions that are often hereditary and, by definition, affect less than 1 in 2000 individuals in the European Union (http://ec.europa.eu/health/human-use/orphanmedicines), or fewer than 200,000 individuals in the USA, at any given time (http://rarediseases.org). There is an estimate of close to 7000 rare diseases altogether [1, 2] , and the cumulative prevalence is estimated to affect up to 6-8 % of the world's population [3] . Ultra-rare diseases have a prevalence of 1 in 50,000 individuals or less in Europe (EU regulation 536/2014). Most ultra-rare diseases have a much lower prevalence, affecting as few as 0.5-1 per million inhabitants. Biotechnology research and development of specific treatments for rare diseases by pharmaceutical companies is a very expensive process, and the cost of treatment per patient is very high due to the low prevalence of each condition. Orphan drug legislation has provided incentives and facilitated the development of these products, but the cost, and societal restrictions on reimbursement, may impede their use and thus patient benefit. Health economic equations utilized to analyze costeffectiveness may not be generally applicable, and especially so to ultra-rare diseases, but nevertheless affect reimbursement policies and patient health. We will describe these processes and their impact on patients and society, giving examples relevant to pediatric nephrology. The ethical aspects of providing or withholding very expensive, albeit effective, drugs will be discussed.
The patient's perspective
The patient with a rare or ultra-rare disease may require treatment with a very expensive drug. The patient may experience variable outcomes depending on the specific disease phenotype, drug availability, government policies, society regulations, and geographical location. Doctors have an ethical obligation to treat their patients with the best available drug. Withholding a drug due to its cost is contradictory to an acceptable patient-doctor relationship, but access to an expensive drug may be limited by regulations or policies, whether societal or imposed by private insurance companies. Societal costs for individuals with a rare disease will be low due to the exclusivity of the specific condition, but the costs will add up when treatment of many rare diseases are accounted for, as an estimate of over 55 million patients are affected by rare diseases in the USA and Europe [4] (http://ec.europa. eu/health/rare_diseases/expert_group/index_en.htm). The cost of one specific drug with indisputable effect may be very high, but may be equivalent to or less than the total costs for multiple less expensive treatments in patients with a debilitating trauma or handicap [5] . The latter costs are indisputable; the accumulative price tag for patients treated in intensive care units for multi-trauma or for children born with handicaps is not an ethically acceptable discussion issue. In contrast, the price tag for an effective, albeit expensive, drug for saving the life of a patient with a rare disease is disputable. Patient organizations are therefore imperative to assemble patients with specific rare diseases and represent them as a group [6] . In addition to offering support and information to patients and their parents, and contributing to research efforts and national plans for patient care [7] , these advocacy groups promote public awareness of a rare disease and lobby for therapy availability with the appropriate authorities. The independence of patient organizations is therefore essential to avoid excessive industrial influence [7] . National organizations representing rare diseases as a whole, such as NORD in the USA (National Organization of Rare Disorders) and EURORDIS in Europe, can petition authorities on behalf of patients. The European Reference Networks (ERNs) for rare diseases identify centers of expertise and also advise patients and their organizations where to turn to (http://ec.europa.eu/health/rare_diseases/policy/index_ en.htm).
The pharmaceutical companies' investments
The development of a drug for a rare disease is preceded by academic research into the disease pathogenesis followed by investigation of the pharmacological properties of the drug, its toxicity, and phase I-III trials. The patent period is 20 years, of those up to 12 years are often required for research and development until drug registration and marketing [8] . Pharmaceutical companies developing medicines for use in rare diseases take a big risk requiring large capital investments (sums between $500 million and $2 billion have been reported [9] ) for drugs that may not prove to be effective, or even if they are, may take many years to assess in conditions with very low prevalence. These medicines are designated Borphan drugs^during development and receive financial benefits before approval (described below) in order to promote incentive [10] . Once the medicine obtains market approval, these companies enjoy a patented monopoly for several years and thus a lack of competition [11] . Hence, they expect returns for the cost of development and production, in addition to large revenues, which may not be entirely justified, but exploited due to their exclusive rights [5] . Orphan drug affordability becomes a financial strain that affects the long-term trust of the health-care system, and society at large, on the pharmaceutical industry involved in the development of these drugs [12] .
Orphan drug legislation
Orphan drug legislation was introduced in the USA in 1983 (The Orphan Drug Act) and in the EU in 2000 (EU regulation (CE) N°141/2000) to facilitate the development of orphan drugs. Product development is initiated when an application for orphan drug designation is approved, allowing the company to proceed with certain benefits and fiscal incentives, including reduction of regulatory fees, tax credit for the costs of studies, fee waivers, priority review for authorization, and 7 (USA) or 10 (Europe) years of market exclusivity per indication [3, 13, 14] . A recent comprehensive review showed that most European, Asian, and North American countries (27/35) had adopted orphan drug legislation [3] and that these regulations have promoted the development of orphan products [15] [16] [17] although some issues, pertaining to pricing, have arisen, regarding incentives given to companies that later reap huge profits [18] .
Cost-effectiveness of an orphan drug
Once a drug is market-authorized and available, even if highly effective, its accessibility may be limited by its price [19] . If the price is excessively high, availability will depend on coverage and reimbursement policies and regulations, imposed by society as well as by insurance companies. Health technology assessment (HTA), the systematic appraisal of a novel therapy and its consequences, is usually applied [3] . Governmental agencies may rely on incremental cost-effectiveness ratios (ICERs) for evaluation of drug price in relation to health benefits. ICERs that exceed a given threshold will not be covered and reimbursed. Patient co-payment strategies and hospital reimbursements may thereby also be dictated by these equations. One of the most utilized equations is QALY (qualityadjusted life-years), which takes into account both morbidity (quality of life) and mortality (life expectancy), in which 1 year of healthy life is equivalent to B1^and death is equivalent to B0^. The novel intervention, to be assessed, is compared to a standard treatment. A limit is set regarding how much society is willing to pay for an increment of 1 QALY (approximately £30,000 in the UK or $100,000-150,000 in the USA [20] ), with a somewhat higher threshold for ultra-rare diseases.
QALY ratios utilized for assessment of orphan drugs may have certain shortcomings [3, 5] . In the calculation of QALYs, an inherent assumption is that the quality of life scale (Y-axis) and the time scale (X-axis) are linear, which is seldom the case in clinical practice. Furthermore, evaluation of health gains in ultra-rare disease may be difficult to assess due to the very low prevalence of cases in each disease category. Alternative treatments for comparison may not be available. Also, the perception of health differs between the patient and the observer, and an orphan drug may improve health immensely, whereas the QALY increment would be the same as a painkiller against chronic headaches. In addition, the improvement of family life is not accounted for (for example, lost work days for relatives) and health benefits do not take into account societal benefits, the ability to function in society, and long-term tax revenues from being able to work throughout a lifetime.
Recently the European Consortium in Healthcare Outcomes and Cost-Benefit Research (echoutcom.eu) recommended that QALY assessment for healthcare decision making should be abandoned. Instead, they recommended that cost-effectiveness analyses should be expressed as cost per relevant clinical outcome, such as, for example, dialysis-free survival. Certain orphan drugs are only efficient in a subgroup of patients with a rare disease [5] and thus drugs should be appraised based on their overall therapeutic benefit for patients with a specific disease.
Regulations imposed by society
The price of an orphan drug and reimbursement strategies are under the jurisdiction of each sovereign country, leading to decisions that may affect the national or regional budget, particularly if the drug is excessively costly. Regulations and policies regarding the use of a novel drug are typically imposed based on the above-mentioned ICERs, usually with a higher threshold for orphan drugs (increased willingness to reimburse) and a degree of leniency if the treatment is lifesaving [1, 3] . Certain countries also have legislation regarding off-label use of orphan drugs as well as procedures for compassionate use [1] . A few countries disregard costeffectiveness ratios, to a certain extent, in favor of moral aspects, the so-called Brule of rescue^, whereby saving a human life is valued more than the price of the intervention [3] .
Studies have compared health policies regarding orphan drugs in various countries and on different continents [1, 3, 19] . These policies take into account incentives to promote the development of orphan drugs, market authorization, pricing and price regulation, budget impact, profit control, and reimbursement coverage, and show considerable variation between countries. Thus, inhabitants of different countries, and possibly even different regions within one country, may have variable access to treatment. Countries with advisory boards that rely almost exclusively on cost-effectiveness as a criterion for reimbursement generally exhibit less willingness to cover an excessive expense, and may thus recommend withholding treatment, in comparison to countries in which advisory boards primarily utilize evidence from case and cohort studies [3] . In addition to national reimbursement programs, certain countries have adopted co-payment strategies in which the pharmaceutical company, the patient, or private insurance companies, cover drug costs above a certain threshold [5] . This approach may, however, limit patient access or promote noncompliance [5, 19] .
Registry data regarding the treatment of rare diseases are imperative in order to facilitate policy-making, particularly when taking into account cost-effectiveness ratios of orphan drugs. Registries collect data from larger groups of patients, globally or nationally, and should ideally function independently of the pharmaceutical industry [1, 2] .
Orphan drugs in pediatric nephrology
Certain drugs used in pediatric nephrology are examples of the most expensive orphan drugs for the treatment of ultra-rare diseases. We will focus on three drugs: agalsidase beta (Fabrazyme, Genzyme) for the treatment of Fabry disease, eculizumab (Soliris, Alexion) for the treatment of atypical hemolytic uremic syndrome, and a slow-release formula of cysteamine bitartrate (Procysbi, Raptor) for the treatment of nephropathic cystinosis, and give examples of differences in reimbursement policies.
Treatment of Fabry disease
Fabry disease is a potentially lethal X-linked genetic disorder due to deficiency of the lysosomal enzyme alpha-galactosidase A, required for degradation of globotriaosylceramide. As a result, glycosphingolipids accumulate in many organs already during childhood, progressing throughout life. Patients may develop gastrointestinal symptoms, ophthalmological symptoms, renal failure, cardiomyopathy, neuropathic pain, strokes, angiokeratomas, and hypohidrosis [19, 21] . Agalsidase alpha and agalsidase beta were developed as enzyme replacement therapies providing alpha-galactosidase A [15] . Although not all Fabry patients require treatment, in 2013 a US consensus panel recommended the use of enzyme replacement therapies in pediatric Fabry patients who developed symptoms from major organs [21] .
The cost of Fabrazyme (agalsidase beta) per year per adult patient was estimated at $200,000. Reimbursement policies in various countries have been reported [19, 22] . These were based on cost-effectiveness, rule of rescue, and equity, showing that an unfavorable recommendation was given in Canada based on insufficient evidence for costeffectiveness, although each province could formulate their own decision, thus affecting drug access depending on where in the country the patient lived. A favorable recommendation was made in Israel, France, Slovakia, and Hungary and in Australia funding was recommended through the Life Saving Drug Program for which there are no co-payments [19, 22] .
Treatment of atypical hemolytic uremic syndrome
Atypical hemolytic uremic syndrome (aHUS) manifests as recurrent episodes of hemolytic anemia, thrombocytopenia, and acute renal failure, and is often associated with heterozygous mutations in one or more complement proteins, or autoantibodies to the soluble complement regulator factor H [23] . The result is a hyperactive alternative pathway of complement leading to damage to host cells. Patients may develop end-stage renal failure either during the first episode or after several recurrences and the disease may recur after renal transplantation. Patients were previously exclusively treated with plasma exchange or infusions but the prognosis regarding renal function and mortality was poor until the introduction of eculizumab, which was shown to be highly effective in both adults and children with aHUS [24, 25] . Current international consensus (2015) recommends the start of eculizumab treatment upon diagnosis of aHUS, although treatment can be discontinued in a small subset of patients, particularly those with autoantibodies [23] . For all other patients, continuous treatment is recommended as long as the patient has renal function (native or transplant).
The annual cost of Soliris (eculizumab) treatment for an adult is approximately $400,000 and topped the revenue per patient in the USA in 2014 [26] . After-market authorization reimbursement policies have varied considerably in different countries. The Food and Drug Administration (FDA) authorized its use for aHUS patients in the USA in 2011. Pricing of drugs in the USA is free. Reimbursement of orphan drugs is covered by commercial plans as well as state Medicaid plans and Medicare prescription drug plans, with certain out-ofpocket co-payments [27] .
In the UK, the National Institute for Health and Care Excellence (NICE) recommended the use of eculizumab for aHUS due to substantial QALY gains, under strict monitoring conditions. In Scotland, the Scottish Medicines Consortium gave an unfavorable recommendation, i.e., to withhold eculizumab from aHUS patients. The reasoning given was that the pharmaceutical company did not present a sufficiently robust economic analysis. Irish Health Service Executive could also not assess cost-effectiveness but agreed to reimburse newly diagnosed patients. The Swedish committee for evaluation of novel therapies provided a rejection based on insufficient cost-effectiveness analysis, although this recommendation was given at a general level, allowing regional recommendations to vary. Thus, patients could be entitled, or not entitled, to treatment based on the region they live in and the locally available expertise.
Treatment of nephropathic cystinosis
Cystinosis is an ultra-rare lethal disease leading to end-stage renal failure and death when left untreated. The disease exhibits an autosomal recessive pattern of inheritance due to mutations in the CTNS gene, encoding cystinosin, leading to lysosomal cystine accumulation in cells [28] . Patients manifest with Fanconi syndrome, short stature, skeletal affection, and renal failure. Extra-renal manifestations, typically occurring in late childhood or adulthood, may include endocrinological complications, myopathy, and swallowing disturbances as well as cardiac and neurological symptoms [28] . The current recommended therapy is cystine depletion using cysteamine, which converts lysosomal cystine to cysteine, however, this treatment is not a cure and patients do not achieve full life expectancy [29] . International consensus recommends the initiation of cysteamine treatment upon diagnosis and continuation of treatment throughout life [29] . Cysteamine delays the onset of renal failure and extra-renal manifestations and improves life expectancy [28, 30] .
Immediate-release cysteamine bitartrate [15] (Cystagon, Mylan Pharmaceuticals) is marketed as a treatment for cystinosis. This preparation requires administration every 6 h and has considerable gastrointestinal side effects [31] . A delayed-release preparation (Procysbi) given every 12 h within enteric-coated spheres reduced the side effects and improved quality of life, and thereby compliance to administration regimens [32] . Procysbi's annual price tag per patient is approximately $250,000 compared to $10,000/ year for Cystagon. Similar to the situation described above for Fabrazyme and Soliris, Procysbi has also been approved by the FDA but as yet not recommended by advisory committees in other countries (for example The Swedish Council for Novel Therapies). The latter decision was made pending cost-effectiveness data. Recommendations for other countries are, as yet, unavailable.
The ethical issues
Society has an obligation to provide healthcare to all on a fairallocation basis. The provision of hyper-expensive orphan drugs in the setting of health resource scarcity may erode public trust in the system. Can society afford the expense of exorbitantly expensive orphan drugs? Treatment of rare diseases, regardless how costly, would hardly affect the overall societal budget given the limited number of patients within each disease category, but, when all rare diseases are accounted for, the combined expense could put a huge strain on economic health-care resources.
How can society withhold care from a patient with a rare disease while providing care to the patient with a common disease or, vice versa, treat the one patient with a rare disease instead of many patients with a common disease? Would this constitute a form of discrimination based on diagnosis? Treatment of the one patient with a rare disease may be financially equivalent to treatment of multiple patients with a common disease [5] and raises issues of solidarity in health-care.
Relying heavily on cost-effectiveness ratios as parameters for guiding recommendations of treatment would seem immoral. Therefore, principles of equity and solidarity are also taken into account, as well as the severity of the disease and the degree of benefit achieved by the proposed orphan drug. In contrast, utilizing the Brule of rescue^as a sole parameter for approval of orphan drugs could also be discriminatory against those who are not in a life-threatening situation [5] .
Alternatively, it has been proposed that costs could be allocated per patient and not per treatment [5] . Thus, the healthcare budget per patient would not take the number of treatments into account, whether one single drug or multiple treatments, the latter corresponding to the intensive care setting, or cancer therapy, but rather the total costs per patient.
Annual orphan drug sales have increased yearly. In the EvaluatePharma report on orphan drugs from 2015, orphan drug sales were forecast to total $178 billion, up by 12 % between 2015 and 2020. Orphan drugs sales would account for 20 % of global prescription sales by 2020 (excluding generics) [26] . Doctors are trained to treat their patients, and withholding an available and effective drug, due to its price, or for any other reason, is against the professional code. Thus it has been suggested that the price of orphan drugs should be negotiated, for the patients' sake [2] .
Conclusions
Patients with rare diseases should be entitled to appropriate treatment regardless of diagnosis. If appropriate treatment is withheld, patients will suffer, develop organ failure, and die, even though therapy is available, a consequence that would be morally unacceptable. The process of orphan drug research and development is risky and expensive, while the profits reaped by the pharmaceutical industry are exorbitant. Limited societal resources for collective orphan drug prescriptions will require improved price control. National advisory committees and pharmaceutical companies should work together to achieve the ultimate goal of better treatment regardless of diagnosis.
